ABSTRACT: Nowadays, asphalt emulsion cold recycled mixes has been used as binder course in the maintenance and rehabilitation projects of deteriorated asphalt pavements in Jiangsu province, China. The objective of this research was to conduct sensitivity analysis of RAP aggregate properties on the performance of cold recycling mixes based on five asphalt emulsion cold in-place recycling (CIR) projects in Jiangsu Province, China. Firstly, the aggregate properties of five RAP materials, such as sand equivalent, the percentage of flat and elongated particles, angularity and crushing value, were tested from the recovered RAP aggregates. Secondly, the properties of cold recycled mixes were evaluated based on Marshall tests and the indirect tensile strength tests with the same content of asphalt emulsion and cement under similar test conditions. Finally, the linear analysis and pseudo-inverse matrix method was performed to study the correlativity analysis between RAP aggregate properties and the performance of cold recycled mixes. The test results showed that different RAP material has a remarkable influence on the mixes performance. The results indicated that there was not good linear correlation relationship between RAP aggregates characteristics and the performance of recycled mixes, while the pseudo-inverse matrix method showed that the sensitive factors of four indexes of RAP aggregate properties on the performance of asphalt emulsion cold recycled mixes had the same primary and secondary impaction.
INTRODUCTION
Results of recent research studies and field projects have shown that asphalt emulsion Cold In-Place Recycling (CIR) is a cost-effective solution to the challenges of asphalt pavement maintenance and rehabilitation [1] . There are several benefits of using CIR, including re-establishing crowns, maintaining clearances, improving the pavement grade, reducing maintenance costs, reusing existing materials, conserving material resources, and protecting the environment. In addition, using CIR can eliminate pavement distresses, including rutting, cracking, and moisture damage [2] . Asphalt emulsion CIR is mostly suitable for the maintenance and rehabilitation of sound structural asphalt pavement. Many research studies have been conducted on the influence of aggregate properties on the engineering performance of hot mix asphalt, such as rutting, moisture damage, volumetric parameters, pavement surface properties and mechanical performance, etc. [3] [4] [5] [6] [7] [8] [9] [10] Some studies has been conducted toward mix design, performance evaluation and predictive model, the long performance of recycled pavement as well as benefits analysis [11] [12] [13] [14] . Cross presented the aggregates properties of RAP, while the relationship between RAP aggregates properties and the performance of cold recycled mixes was not provided [15] . However, no research has been conducted addressing the primary and secondary impaction of RAP aggregate's properties on the performance of asphalt emulsion cold recycling mixes.
Five CIR projects belonged to Jiangsu provincial highway network built in 2007 to 2010 showed different mix properties. The objectives of this study are to evaluate the properties of RAP aggregates and cold recycled mixes, and study the influence of aggregate properties in the RAP on the performance of asphalt emulsion cold recycled mixes. The result will present a preliminary understanding of RAP aggregate properties and could provide a theoretical basis for updating CIR mix design with more cases collection.
TEST PROGRAM

Materials
The properties of cationic slow-setting asphalt emulsion used in CIR projects are satisfied with China's recycling specifications (JTG F41-2008). The recovered RAP aggregate properties, such as sand equivalent, the percentage of flat and elongated particles, angularity and crushing value, are tested according to Chinese aggregate test methods (JTG E42-2005). The results of recovered aggregate properties in the RAP using Abson recovery method are shown in Table 1 .
Ordinary Portland Cement P.O. 425 used as additive was added in the cold recycled mixes. The properties of Portland cement are satisfied the requirements of Chinese specification standards (JTJ 034-2000). Virgin coarse limestone aggregates (16mm-31.5mm) 15% by the weight of total RAP and aggregates were added to the mixes, and its properties are all satisfied with the Chinese specification standards (JTG F40-2004) . Pre-mix water added in the mixes is to improve coating of the RAP and virgin aggregate, to accelerate the cement hydration reaction, and to lubricate mix during compaction. 
Aggregate Gradation
Five cold recycled mixes are shown in Table 2 . The gradation of the combined RAP and virgin aggregate was designed to meet the Chinese specification for cold recycling (JTG F41-2008). The sieve results of the blended gradations are shown in Figure 1 . In this research, the emulsion dosages 3.0% and 4.0% were selected from the mix design, The content of cement used in cold recycled mixes was 2.0% at two emulsion levels. 
Specimen Preparation
The loose emulsion mixes were compacted into cylindrical specimens with a diameter of 100 mm and a height of 63.5 ± 2.0 mm in height with 30 gyrations using a Superpave gyratory compactor [16] . The specimens were initially cured at room temperature 25°C for 12 h and then were cured at 60°C for 48 h. Finally the specimens were cooled and prepared for the performance testing.
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Where TSR d-w , IDT 2 , and IDT 1 represent the dry-wet tensile strength ratio, %, immersion IDT strength, MPa, and dry IDT strength, MPa, respectively.
RESULTS AND DISCUSSION
Performance Test Results
The results of immersion Marshall test and immersion IDT test are shown in Table 3 . Although the same contents of asphalt emulsion and cement are used in the mixes, the performance results are not similar. Former research has indicated that the sensitive of different types of asphalt emulsion and recycled aggregate gradation within the specification range are not sensitive to the performance of cold recycled mixes [17] . Therefore, the discrepancy of recycled aggregate gradation and asphalt emulsion type is belonged to minor factors. RAP aggregate properties considered as the major factor on the performance of cold recycled mixes were studied. 
Linear Correlation Analysis Results
According to the results of mixes performance tests and RAP aggregate's properties, the results of the linear analysis are shown in Figures 2 and 3 . Sand equivalent, the percentage of flat and elongated particles, angularity, and crushing value are represented with SE, Qe, U and Qa', respectively. Figures 2 and 3 , each index of RAP aggregate's properties has no good linear correlation coefficient with Marshall stability and/or IDT strength, respectively. Therefore, the other method should be conducted to determine the sensitivity analysis of RAP aggregate properties on the properties of asphalt emulsion cold recycled mixes. 
As shown in
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Results
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Flat and elongated particles on original RAP materials. According to the results of the research, the percentage of flat and elongated particles and crushing value of recovered RAP aggregates are more sensitive on the performance of cold recycled mixes than that of sand equivalent under similar test conditions. Therefore, the indexes of RAP aggregate properties should be further considered to correlate with the performance of asphalt emulsion cold recycled mixes, and more asphalt emulsion cold recycling project cases should be included in this research in the future.
CONCLUSIONS
In this research, the correlativity analysis between the aggregates characteristics of RAP and the performance of asphalt emulsion cold recycling mixes were studied. Based on the analysis of RAP aggregate properties on the Marshall stability and the indirect tensile strength test using the pseudo-inverse matrix method, the following conclusions were drawn.
(1) Linear analysis results showed that no good linear correlation relationship was existed between the results of RAP aggregate properties and the performance of asphalt emulsion cold recycled mixes.
(2) The sensitivity analysis of RAP aggregate properties on the performance of cold recycled mixes included Marshall stability and indirect tensile strength had the same primary and secondary impaction using the pseudo-inverse matrix method. The sequence of significance is the percentage of flat and elongated particles, crushing value, sand equivalent and angularity.
(3) The index of RAP materials and/or RAP aggregate properties, such as the percentage of flat and elongated particles, crushing value, should be considered in asphalt pavement recycling specification in the future based on the correlativity analysis between the properties of RAP aggregate and the performance of asphalt emulsion cold recycled mixes.
